Introduction
============

Heart failure (HF) is a complex clinical syndrome resulting from structural and functional defects in the myocardium resulting in the impairment of ventricular filling or ejection of blood. It is a leading cause of morbidity and mortality worldwide affecting at least 26 million people with increasing prevalence. [@JR_1] Based on ejection fraction (EF), HF is broadly divided into HF due to reduced EF (HFrEF) and HF with preserved EF (HFpEF). HFpEF is defined as a left ventricular (LV) EF of 50% or greater, whereas HFrEF is defined as an EF less than 40%. All these patients, regardless of EF status (EF value), have the clinical syndrome of HF. Treatment strategies for treating HF are based on these two categories, so these distinctions are critical. It is estimated that \> 50% of all patients presenting with signs and symptoms of HF suffer from HFpEF.

HFpEF is a syndrome with numerous underlying etiologies and pathophysiological alterations. Major pathophysiological factors are impaired relaxation, increased LV stiffness, decreased compliance, pulmonary hypertension, vascular stiffening, and fibrosis. [@JR_2] HFpEF is diagnosed by signs and symptoms, biomarkers (natriuretic peptides), and imaging parameters. However, most of these parameters are poorly validated for their use in clinical trials. In fact there is no generally accepted diagnostic approach for HFpEF.

Currently natriuretic peptides are used as the standard biomarkers for diagnosis, risk stratification, prognosis, and treatment guide of HF. [@JR_3] The most frequently measured natriuretic peptides are B-type natriuretic peptide (BNP) and its amino-terminal (N-terminal) cleavage propeptide equivalent, NT-proBNP (N-terminal pro-B-type natriuretic peptide). Both BNP and NT-proBNP are held to reflect ventricular stretch and synthesized in response to wall stress. [@JR_4] However, natriuretic peptide levels show extensive biological variation and vary by age, renal function, and body mass index (BMI). Because of the differences in their clearance, BNP and NT-proBNP have considerably different half-lives (BNP: 20 minutes; NT-proBNP: 90 minutes), and circulate with very different concentrations. [@JR_5] Patients with HFpEF have a smaller LV cavity and thicker LV walls and their end diastolic wall stress is much lower than in HFrEF, thus producing a lower stimulus for BNP production. Braunwald has proposed that HF biomarkers be divided into six distinct categories, with an additional category reserved for biomarkers not yet classified. [@JR_6] Hence, there is a need for new biochemical markers that would help in early diagnosis and risk stratification of HFpEF.

Galectin-3 is an approximately 30-kDa lectin family protein, encoded by a single gene, LGALSS3, located on chromosome 14, locus q21-q22. It contains a carbohydrate recognition-binding domain of approximately 130 amino acids that enables the specific binding of beta-galactosidases. [@JR_7] Galectin-3 is widely expressed in human tissues, including all types of immune cells, epithelial cells, endothelial cells, and sensory neurons. [@JR_8] Galectin-3 is predominantly located in the cytoplasm and is important for cell survival, due to its interaction with certain survival-associated proteins, including Bcl-2 and activated guanosine-5′-triphosphate (GTP)-bound K-Ras. It is also involved in cell differentiation, inflammation, fibrogenesis, and the host defense. [@JR_9] Galectin-3 is involved in the pathogenesis of cardiovascular remodeling, as well as in the various autoimmune and inflammatory processes. [@JR_10] It is generally expressed at low levels; however, upon injury or stress, its production is substantially increased. [@JR_11] Galectin-3 is a stable biomarker and is not associated with age, BMI, or gender. [@JR_12] Furthermore, Galectin-3 does not exhibit circadian variation and increases marginally following exercise, returning to normal levels after 1 to 3 hours. [@JR_13] Recently it has been implicated in the pathophysiology of HFpEF, such as myofibroblast proliferation, fibrogenesis, tissue repair, inflammation, and ventricular remodeling. [@JR_14] Thus Galectin-3 may be used as an independent biomarker for early diagnosis, severity, and prognosis in HFpEF. Few earlier studies have demonstrated that elevated levels of non-high-density lipoprotein cholesterol (HDL-C) and decreased levels of HDL-C are associated with increased risk of HF. Hence lipid parameters were also studied in cases of HFpEF. The aims of the present study are (1) to evaluate the serum Galectin-3 levels in patients of HFpEF in comparison with age- and gender-matched healthy controls and (2) to compare Galectin-3 with NT-proBNP as a diagnostic biomarker of HFpEF.

Materials and Methods
=====================

Study Design and Patient Population
-----------------------------------

This is a cross-sectional case--control study including 63 cases and 20 controls. The study group was recruited from patients attending a cardiology department. All the patients above 40 years of age with clinical symptoms and diagnosed as HFpEF by echocardiography findings, having EF ≥ 50%, were included in the study group. Cases of HFrEF, EF \< 50% or systolic HF, were excluded from the study. Age- and gender-matched healthy subjects were taken as the control group ( *n* = 20). The study was approved by the hospital's institutional ethical committee. Informed consent was taken from all study participants.

Sample Collection and Testing
-----------------------------

A total of 5 mL of fasting venous blood samples were collected in a plain tube without any anticoagulant. Serum was separated after 1 hour of collection by centrifugation. Lipid parameters (total cholesterol \[TC\], low-density lipoprotein cholesterol \[LDL-C\], HDL-C, very low density lipoprotein cholesterol \[VLDL-C\], and triglycerides) and NT-proBNP levels were estimated immediately. Part of serum was aliquoted and stored at -40°C for subsequent serum Galectin-3 measurement. Lipid parameters were measured on a fully automated Cobas c-501 analyzer and NT-proBNP levels in serum were measured by using electrochemiluminescence immunoassay on a Cobas e 411 analyzer (Roche Diagnostics, Indiana, United States). Galectin-3 levels in serum were measured by using a commercially available sandwich enzyme-linked-immunosorbent serologic assay (ELISA) kit (Elabscience Human GAL3 ELISA Kit, Houston, United States). The detection range of the kit is 0.16 to 10 ng/mL.

Statistical Analysis
--------------------

The statistical analysis was done by Graphpad prism version 8. Normality for all the variables in controls and cases was checked by using the Shapiro--Wilk test. Data were analyzed by appropriate parametric/nonparametric tests. The data were expressed as mean ± standard deviation when they are parametric and median (range) when they are nonparametric and *p* \< 0.05 was considered statistically significant. The Mann--Whitney test was used to compare two groups for nonparametric data. An unpaired *t* -test was performed to compare the mean values between two groups for parametric data and receiver operating characteristics (ROC) curves were analyzed. Spearman rank correlation was measured for nonparametric data.

Results
=======

In our study, a total 63 cases were included whose diagnosis is established based on symptoms and echocardiography (EF \> 50%). Twenty age- and gender-matched healthy subjects were selected as controls. The median age group in controls is 57 years while that in cases is 57.33 years. There was no significant difference between the age groups ( *p* = 0.133). Baseline characteristics of the study population are given in [Table 1](#TB_1){ref-type="table"} .

###### Baseline characteristics of study group

  Variable                 Cases ( *n* = 63)
  ------------------------ -------------------
  Males                    33 (52%)
  Females                  30 (47%)
  EF median                60 (54--66)
  Hypertension             45 (71%)
  Diabetes mellitus        31 (49%)
  Smoking                  15 (23%)
  Chronic kidney disease   12 (19%)

Serum Galectin-3 and NT-proBNP levels in the patients were significantly higher ( *p* \< 0.0001) when compared with the controls ( [Table 2](#TB_2){ref-type="table"} ). Among the lipid parameters, TC, LDL-C, and VLDL-C are significantly higher in the patients when compared with the controls. Serum triglycerides are higher and HDL-C is lower in the patients when compared with the controls; however, the difference is not statistically significant ( [Table 2](#TB_2){ref-type="table"} ).

###### Galectin-3, NT-proBNP, and lipid parameters in controls and patients

  Variable                        Controls ( *n* = 63)   Cases ( *n* = 20)      *p* -Value
  ------------------------------- ---------------------- ---------------------- ---------------
  NT-proBNP (pg/mL) ^a^           49.35 (27.45--65.75)   927 (124--4352)        \< 0.0001 ^b^
  Galectin-3 (ng/mL) ^a^          5.27 (3.23--8.69)      26.59 (11.75--41.42)   \< 0.0001 ^b^
  Total cholesterol (mg/dL) ^c^   138.5 ± 30.18          159.2 ± 39.01          \< 0.0326 ^b^
  HDL-C (mg/dL) ^c^               48.3 ± 12.8            43 ± 9.478             0.0506
  LDL-C (mg/dL) ^a^               73 (49--87)            90 (64--129)           \< 0.0093 ^b^
  VLDL (mg/dL) ^a^                18.5 (15.25--20.0)     22 (17--32)            \< 0.03 ^b^
  Triglycerides (mg/dL) ^a^       92.5 (79--99.75)       95 (70--146)           0.5344

Serum Galectin-3 showed a positive correlation with serum NT-ProBNP ( *r* -value: 0.21, *p* -value: 0.048). It has shown significant positive correlations with lipid parameters, i.e., TC, LDL-C, VLDL-C, and triglycerides and it is negatively correlated with HDL-C ( [Table 3](#TB_3){ref-type="table"} ). At a cut-off of 10.1 ng/mL, Galectin-3 showed 77.78% sensitivity and 95% specificity in diagnosing HFpEF cases with a positive predictive value (PPV) of 98% and a negative predictive value (NPV) of 58.8%, and the area under the curve (AUC) was 0.927. However, NT-proBNP, at a cut-off of 160 pg/mL, showed 71.43% sensitivity and 100% specificity in diagnosing HFpEF cases with a PPV of 100% and NPV of 52.6%, and the AUC was 0.871 ( [Table 4](#TB_4){ref-type="table"} ).

###### Correlation of Galectin-3 with NT-proBNP and lipid parameters

  Variable                    *r* -Value   *p* -Value
  --------------------------- ------------ ---------------
  NT-proBNP (pg/mL)           0.21         \< 0.048 ^a^
  Total cholesterol (mg/dL)   0.40         \< 0.0001 ^a^
  HDL-C (mg/dL)               \- 0.20      0.053
  LDL-C (mg/dL)               0.439        \< 0.0001 ^a^
  VLDL (mg/dL)                0.45         \< 0.0001 ^a^
  Triglyceride (mg/dL)        0.40         \< 0.0002 ^a^

###### Diagnostic performance of serum Galectin-3 and NT-ProBNP

  Variable                        Galectin-3     NT-proBNP
  ------------------------------- -------------- -------------
  Cut-off                         10.1 (ng/mL)   160 (pg/mL)
  AUC                             0.927          0.871
  Sensitivity (%)                 77.78          71.43
  Specificity (%)                 95             100
  Positive predictive value (%)   98             100
  Negative predictive value (%)   58.8           52.6

At a cut-off of 10.1 ng/mL, serum Galectin-3 has 77.78% sensitivity and 95% specificity in diagnosing HFpEF ( [Fig. 1](#FI-1){ref-type="fig"} ). At a cut-off of 160 pg/mL, serum NT-proBNP has 71.43% sensitivity and 100% specificity in diagnosing HFpEF ( [Fig. 2](#FI-2){ref-type="fig"} ). The combined ROC curves showed that Galectin-3 has better AUC compared with NT-proBNP in HFpEF cases ( [Fig. 3](#FI-3){ref-type="fig"} ).

![**ROC curve of serum Galectin-3** . At a cut-off of 10.1 ng/mL, serum Galectin-3 has 77.78% sensitivity and 95% specificity in diagnosing HFpEF. HFpEF, heart failure with preserved ejection fraction; ROC, receiver operating characteristics.](10-1055-s-0040-1716608_00144_01){#FI-1}

![**ROC curve of serum NT-proBNP** . At a cut-off of 160 pg/mL, serum NT-proBNP has 71.43% sensitivity and 100% specificity in diagnosing HFpEF. HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ROC, receiver operating characteristics.](10-1055-s-0040-1716608_00144_02){#FI-2}

![**Combining ROC curves of Galectin-3 and NT-proBNP** . Combined ROC curves showed that Galectin-3 has higher AUC compared with NT-proBNP in HFpEF cases. AUC, area under the curve; HFpEF, heart failure with preserved ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; ROC, receiver operating characteristics.](10-1055-s-0040-1716608_00144_03){#FI-3}

Discussion
==========

HF occurs if the heart fails to provide a sufficient pumping action to maintain blood flow to meet bodily needs, and is characterized by systolic and diastolic dysfunctions. The diagnosis of HFpEF is more difficult than the diagnosis of HFrEF owing to the lack of specific biomarkers. [@JR_15] In fact there is no generally accepted diagnostic approach for HFpEF. [@JR_16] As a result, new diagnostic biomarkers are needed for timely diagnosis of HFpEF. Circulating plasma concentrations of BNP and NT-proBNP are currently the most widely used biomarkers in the diagnosis and evaluation of severity of HF and their levels are generally increased in proportion to the severity of the myocardial stretch or overload. However, the applicability of BNP and NT-proBNP is limited, as their levels vary substantially over the day and do not reflect the underlying cardiac disease processes such as inflammation or pathways regulating cardiac contractility. Besides, increased levels of NT-proBNP are associated with age, gender, obesity, kidney dysfunction, and anemia. Natriuretic peptides are "loading markers," which readily and strongly respond to ventricular stress, while Galectin-3 levels are viewed as a marker of interstitial fibrosis, less responsive to loading and unloading. [@JR_17] In support of this theory, Milting et al have shown that unloading of poorly contractile hearts with assist devices causes a robust decrease in various neurohormones, including natriuretic peptides, but not Galectin-3. [@JR_18]

Many studies have revealed that galectin-3 plays an important role as a diagnostic or prognostic biomarker for certain types of heart disease, kidney disease, viral infection, autoimmune disease, neurodegenerative disorders, and tumor formation. In particular, it has been recognized that galectin-3 is extremely useful for detecting many of these diseases in their early stages. [@JR_19] Galectin-3 is a potential mediator of the inflammation, macrophage migration, fibroblastic proliferation, and pathophysiological processes of HF. Oikonomou et al observed the role of Galectin-3 in myocardial remodeling, fibrosis, and clinical status of HF patients, and the possible association with increased central arterial stiffness and impaired ventriculoarterial coupling. [@JR_20] Thus, Galectin-3 is thought to augment fibrosis and modulate immune response, both are pivotal processes leading to maladaptive cardiac remodeling, [@JR_21] which will ultimately lead to LV dysfunction and HF. Various studies showed that Galectin-3 expression is upregulated in patients with decompensated HF. [@JR_22] [@JR_23] Given the role of myocardial inflammation and fibrosis in the development of HFpEF, Galectin-3 may be used as a biomarker for the diagnosis and prognosis of HF.

To date, only few studies have described the levels and clinical correlation of Galectin-3 in HFpEF. [@JR_17] Our primary objective was to evaluate the diagnostic capacity of serum Galectin-3 levels in HFpEF and also compare the diagnostic efficacy of Galectin-3 and NT-proBNP. Therefore, the serum Galectin-3 and NT-proBNP levels were assessed in HFpEF cases. The median levels of serum Galectin-3 in healthy controls and cases are 5.26 and 26.59 ng/mL, respectively. The values are significantly higher in HF cases when compared with the control group ( *p* \< 0.0001). In a study conducted by Yin et al, the mean Galectin-3 levels are significantly higher in HFpEF patients versus healthy controls (23.09 vs. 16.74 ng/mL, *p* \< 0.0001). [@JR_15] One more study done by Chen and colleagues demonstrated that the levels of Galectin-3 were significantly higher in HF cases when compared with controls. [@JR_24] Similar results were also observed by Polat et al, who reported that Galectin-3 levels were significantly increased in patients with HFpEF when compared with controls ( *p* \< 0.0001). [@JR_25] Zile and colleagues also demonstrated in one small series that Galectin-3 levels were significantly elevated in a cohort of patients with HFpEF. [@JR_26] Experimental studies suggest that Galectin3 is important for the development and progression of HFpEF. [@JR_16] In a rat model of hypertensive HF with compensated LV hypertrophy (LVH), which later developed decompensated LVH as a model of HFpEF, Galectin-3 levels were upregulated in these rat models. Furthermore, they also demonstrated that infusion of Galectin-3 induced severe LV fibrosis and LV dysfunction, suggesting that Galectin-3 may be causally implicated in the pathophysiology for HF development and not just be a marker for disease progression. In a community cohort of patients with incident myocardial infarction, elevated Galectin-3 remained associated with increased risk of mortality and HF after adjustment for age, sex, comorbidities, and troponin, suggesting a role for measuring Galectin-3 levels as a cardiac risk evaluation post-myocardial infarction event *.* [@JR_27]

We found that median serum NT-proBNP levels were significantly higher in cases cases when compared with the control group (927 pg/mL in cases vs. 49.35 pg/mL in controls) ( *p* \< 0.000). The average levels of NT-proBNP are significantly higher in HFpEF patients versus healthy controls ( *p* \< 0.001). In another study, Zhang et al showed that the mean value of NT-proBNP is significantly higher in HF patients versus healthy controls (2044.86 vs. 251.45 ng/L) ( *p* \< 0.006). [@JR_28] Consistent with our study, Polat and coworkers also demonstrated that NT-proBNP levels were significantly elevated in patients with HFpEF when compared with controls ( *p* \< 0.0001). [@JR_25] In our study, serum Galectin-3 has shown a positive correlation with NT-proBNP ( *r* = 0.21, *p* = 0.048). Consistent with our study, Chen et al have reported a positive correlation of Galectin-3 with NT-proBNP levels ( *r* = 0.399, *p* \< 0.01). [@JR_24] A significant positive correlation between the levels of Galectin-3 and NT-proBNP ( *r* = 0.874, *p* \< 0.000) was also observed by Hamdy et al, but they included chronic HF patients in their study. [@JR_29] Galectin-3 concentrations were shown to be increased in patients with higher NT-proBNP concentrations ( *r* = 0.265; *p* \< 0.001). [@JR_30] Similar findings have been reported in a study conducted by Yin and colleagues. [@JR_15]

In our study, we tested the efficacy of Galectin-3 as a novel biomarker to diagnose HFpEF in comparison with the established biomarker NT-proBNP. Both Galectin-3 and NT-proBNP levels were higher in patients with HFpEF when compared with the control group. However, analysis of ROC curve for Galectin-3 showed a high diagnostic value when compared with NT-ProBNP (AUC: 0.93 vs. 0.87). As proposed by Gao et al, the diagnostic utility of NT-ProBNP is medium while that of Galectin-3 is high. [@JR_31] As per the current data, Galectin-3 has more sensitivity (77.78 vs. 71.43%) but slightly less specificity (95 vs. 100%) than NT-proBNP in diagnosing HFpEF. Similar to our findings, Yin et al also reported that Galectin-3 is more sensitive (94.3 vs. 77.1%) but less specific than NT-proBNP (65.1 vs. 90.7%). [@JR_15] They compared the diagnostic performances of Galectin-3 and NT-proBNP in the diagnosis of HFpEF patients using the cut-off values of 17.8 and 100 pg/mL, respectively. Contradictory to our study, Chen and coworkers have demonstrated that Galectin-3 has higher specificity but low sensitivity than NT-proBNP. The AUC was 0.798 when the level of plasma Galectin-3 was at the cut-off of 7.52 ng/mL, while the sensitivity for diagnosing HF was 62.9% and the specificity was 90%. The AUC was 0.901 when the level of NT-proBNP was more than 1,143 pg/mL, while sensitivity was 92.8% and specificity was 85%. [@JR_24] Zhang et al have reported that the separate detection of Galectin-3 (sensitivity 87.3, specificity 70.5, and AUC = 0.895) and NT-proBNP (sensitivity 86.4, specificity 88.5, and AUC = 0.886) in the diagnosis of acute HF has good sensitivity and specificity. [@JR_28] Galectin-3 is more sensitive than NT-proBNP, but its specificity is not high. When the two were combined, the sensitivity and specificity were significantly improved; the difference was statistically significant (sensitivity 91.3%, specificity 90.5%, and AUC = 0.93).

One more study has shown that AUC was 0.874 when the level of Galectin-3 was ≥13.9 ng/mL, and the sensitivity was 100% and specificity was 61%. [@JR_29] In one study, de Boer et al have reported that the AUC for Galectin-3 is 0.72 (cut-off 6.88 ng/mL) in diagnosing acute HF ( *p* \< 0.0001) with a sensitivity of 80% and specificity of 52%. [@JR_16] Lok et al have shown moderate diagnostic utility of Galectin-3 (AUC = 0.67), NT-proBNP (AUC = 0.65), and the combination of both (AUC = 0.69). [@JR_30] One more study compared the diagnostic efficacy of Galectin-3 with NT-proBNP (AUC: 0.98 vs. 1.00). [@JR_25] Recently, Galectin-3 has been demonstrated as a novel inflammatory factor participating in the process of intravascular inflammation, lipid endocytosis, macrophage activation, cellular proliferation, monocyte chemotaxis, and cell adhesion. [@JR_31] The association of lipid concentrations with HF risk has not been comprehensively elucidated till date. Velagaleti and colleagues have demonstrated that elevated levels of non-HDL-C and decreased levels of HDL-C are associated with an increased risk of HF. [@JR_32] It is significant that 15% of HF cases were attributable to low HDL-C concentrations. A novel finding of their study is the inverse association between HDL-C concentrations and HF risk, which is consistent with our study which showed low HDL-C levels in cases when compared with controls. [@JR_32] Dyslipidemia is a known risk factor for coronary artery disease, but its role in HF development is not well defined. Evidence has shown that high levels of free fatty acids and triglycerides in cardiotoxicity and elevated levels of lipid fractions may be involved in cardiac remodeling, which is an important process in the development of HF. Few studies concluded that low HDL-C is an independent predictor of HF. [@JR_33] In the Framingham Heart Study, elevated levels of non-HDL-C, decreased levels of HDL-C, [@JR_32] and a high TC/HDL-C ratio were shown to be associated with increased risks of HF. In the Multi-ethnic Study of Atherosclerosis (MESA), neither high triglyceride nor low HDL-C was shown to be a significant predictor of incident HF. [@JR_34] Despite the mixed evidence, current guidelines consider hyperlipidemia as a risk factor for HF. In the current study, Galectin-3 has shown significant positive correlations with lipid parameters TC, LDL-C, VLDL-C, and triglycerides, and it is negatively correlated with HDL-C.

Activation of Galectin-3 increases the biological activity in various physiological and pathophysiological processes. Monomeric Galectin-3 undergoes further physicochemical modifications that increase its range of biological functionality, particularly extracellular activity. The most important mechanisms leading to bioactivation of Galectin-3 are self-associations and Galectin-3 blockade could inhibit such functions resulting in off-target side effects. [@JR_35] Oyenuga et al demonstrated that higher levels of galectin-3 are associated with greater carotid atherosclerosis as measured by ultrasonography and suggested Galectin-3 as a possible target for trials of intervention in the prevention or management of atherosclerotic disease. [@JR_36] Several mechanisms are pivotal to the development of atherosclerosis that are stimulated by either local or circulating Galectin-3. Amplification of cardiovascular inflammation and lipid deposition in macrophage by Galectin-3 are the most important mechanisms. [@JR_31]

Limitations of the study
------------------------

The study population was small. Therefore, the results may not be representative of the population at large. It was a cross-sectional study and the data were obtained in a single center, hence lack of randomization and follow-up.

Conclusion
==========

In conclusion, the median levels of serum Galectin-3 and NT-proBNP were higher in cases than in the controls. Serum Galectin-3 showed a positive correlation with NT-proBNP. Serum Galectin-3 showed a significant positive correlation with lipid parameters TC, LDL-C, VLDL-C, and TG, and a negative correlation with HDL-C. Serum Galectin-3 had higher sensitivity and AUC than serum NT-proBNP, and NT-proBNP showed higher specificity than Galectin-3. According to our data, Galectin-3 may be a valuable biomarker for the diagnosis of HFpEF. In view of higher sensitivity and AUC of Galectin-3, it has high diagnostic value compared with NT-proBNP, implying that Galectin-3 can be used as a better marker for diagnosing HFpEF. Simultaneous testing of both Galectin-3 and NT-proBNP can further improve the detection of patients with HFpEF and provide a better and accurate clinical diagnosis.
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